OBJECTIVE: To examine trends in minimally invasive hysterectomy and power morcellation use over time and associated clinical characteristics.
RESULTS: There were 31,971 hysterectomies from 2008 to 2015; the incidence decreased slightly from 2.86 (95% confidence interval [CI] 2.85-2.87) to 2.60 (95% CI 2.59-2.61) per 1,000 women (P,.001). Minimally invasive hysterectomies increased from 39.8% to 93.1%, almost replacing abdominal hysterectomies entirely (P,.001). Vaginal hysterectomies decreased slightly from 26.6% to 23.4% (P,.001). The proportion of nonrobotic laparoscopic hysterectomies with power morcellation increased steadily from 3.7% in 2008 to a peak of 11.4% in 2013 and decreased to 0.02% in 2015 (P,.001). Robot-assisted laparoscopic hysterectomies remained a small proportion of all hysterectomies comprising 7.8% of hysterectomies in 2015. Women with large uteri (greater than 1,000 g) were more likely to receive abdominal hysterectomies than minimally invasive hysterectomy (adjusted relative risk 11.62, 95% CI 9.89-13.66) and laparoscopic hysterectomy with power morcellation than without power morcellation (adjusted relative risk 5.74, 95% CI 4.12-8.00). Laparoscopic supracervical hysterectomy was strongly associated with power morcellation use (adjusted relative risk 43.89, 95% CI 37.55-51.31).
CONCLUSION:
A high minimally invasive hysterectomy rate is primarily associated with uterine size and can be maintained without power morcellation. S afety communications warning against use of power morcellation during hysterectomy issued by the U.S. Food and Drug Administration (FDA) in 2014 may have a negative influence on minimally invasive hysterectomy rates, patient safety, and surgical outcomes. [1] [2] [3] [4] Investigators from Michigan and Florida reported decreasing use of laparoscopic routes and both increased complication and 30-day hospitalization rates from 2013 to 2014. 5, 6 Wright et al 7 used data from 2013 to 2015 from the Perspective database, which included more than 500 U.S. hospitals and demonstrated declines in the use of power morcellation (13.7-2.8%) with a decrease in the proportion of laparoscopic hysterectomies (59.7-56.2%, P,.001) and increase in abdominal hysterectomies (27.1-31.8%, P5.004).
See related editorial on page 976.
These studies showed an increase in abdominal hysterectomies after the FDA warnings, focused on short-term trends in minimally invasive hysterectomy, and lacked detailed clinical information to contextualize changes. We conducted a trend analysis and retrospective cohort study of women undergoing hysterectomy for benign conditions in a large integrated health care delivery system to understand how clinical characteristics are associated with minimally invasive hysterectomy and power morcellation. The primary objective of the study was to describe the trend in use of minimally invasive hysterectomy from 2008 to 2015. We wanted to examine changes after an initiative to increase minimally invasive hysterectomy and after the FDA issuance of safety warnings against use of power morcellation in 2014. The secondary objectives were to assess clinical and surgical characteristics associated with minimally invasive hysterectomy and power morcellation and assess relative risk of complications.
MATERIALS AND METHODS
In 2008, Kaiser Permanente Northern California implemented a quality improvement program to address the high rates of abdominal hysterectomies (62% in 2007) coupled with large numbers of lowvolume surgeons using limited to no minimally invasive approaches. The quality improvement program, entitled the Minimally Invasive Hysterectomy Initiative, included the following components: 1) leadership engagement to set goals and monitor outcomes, 2) surgical training, 3) surgeon tracking, and 4) use of data on hysterectomies to track outcomes and drive performance improvement. The obstetrics and gynecology departments in the 15 medical facilities across the region are led by chiefs who work together to establish regional priorities to improve the quality of care for patients. After review of regional data on the proportion of minimally invasive hysterectomies, defined as vaginal and laparoscopic hysterectomies, a desired benchmark of 60% was set in 2008 and was gradually increased to 90% in 2013. Robotic-assisted laparoscopic hysterectomy adoption was not part of the initiative. Rather, leadership came to a consensus to limit benign robotic hysterectomies to complex disease and to a small core group of surgeons with the commitment to retrospectively study and understand the appropriate indications.
The initiative included Kaiser Permanentesponsored continuing medical education courses on laparoscopic approaches and attendance at external courses was promoted. In addition, proctoring on laparoscopic cases was required for surgeons who did not have residency training in laparoscopic techniques. As a result of the evidence demonstrating better surgical outcomes and higher minimally invasive hysterectomy rates in surgeons with higher hysterectomy volumes, the initiative also focused on decreasing the number of operating surgeons. 8, 9 This was achieved through a process of "tracking" in which service chiefs reviewed hysterectomy caseloads to identify high-volume gynecologic surgeons and encouraged low-volume surgeons to voluntarily limit their clinical practice to office-based or obstetrics only or a combination of office practice coupled with obstetrics. As a result of the salaried payment system for physicians, this did not have an effect on physician income. Over the course of the initiative, the number of surgeons performing hysterectomies decreased from 416 in 2008 to 234 in 2015. Chiefs of services reviewed data on rates of minimally invasive hysterectomy by facilities across the region on a quarterly basis to identify high-performance facilities and disseminate information on best practices region-wide. The leadership structure and engagement also facilitated prompt region-wide reaction to the FDA safety communications on power morcellation in 2014. Leadership coordinated removal of power morcellators from operating rooms in all facilities and training of surgeons on alternate surgical techniques such as use of manual morcellation vaginally or through suprapubic or umbilical incisions with containment bags.
We report minimally invasive hysterectomy trends over the time period of the initiative to 2015. Data were abstracted from Kaiser Permanente's electronic health record and regional claims systems. Oversight and approval to conduct this study were provided by the institutional review board of the Kaiser Foundation Research Institute. Validation of data for the study was carried out in several steps including separate chart reviews to validate procedure codes for hysterectomy route, other procedures, morcellation status, complications, and clinical characteristics such as body mass index (BMI, calculated as weight (kg)/ [height (m)] 2 ), parity, and uterine weight. In addition, study investigators selected a random sample of 2% of charts (n5600) from the final cohort for chart review and found that in 95% of cases (95% confidence interval 93.3-96.7%), electronically abstracted data were consistent with chart review data.
For the primary study outcome, hysterectomy trends, we identified all women 18 years of age and older who underwent hysterectomy for benign gynecologic conditions from January 2008 to December 2015 at a Kaiser Permanente Northern Californiaowned hospital or contracted facility using the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) and the Current Procedural Terminology (CPT) codes. Hysterectomy cases were classified by surgical route as: 1) abdominalincluding total, supracervical, and minilaparotomy (ICD-9-CM: 68.3, 68.39, 68.4, 68.49, 68.9; CPT: 58150, 58152, 58180); 2) laparoscopic-including total, supracervical, and laparoscopically assisted vaginal (ICD-9-CM: 68.31, 68.41, 68.51; CPT: 58541-58544, 58550, 58552-58554, 58570-58573), and robot-assisted (17.4x and any other code for hysterectomy); and 3) vaginal hysterectomy (ICD-9-CM: 68.5, 68.59; CPT: 58260, 58262-58263, 58267, 58270, 58275, 58280, 58290-59284). Laparoscopic cases were subdivided into cases with and without power morcellation. Women with pregnancy-related diagnoses, radical hysterectomy (ICD-9-CM: 68.6x, 68.7x; CPT: 58200, 58210, 58285, 58548, 58956), or cancer of the reproductive tract or peritoneal cavity identified at hospital discharge or outpatient diagnoses 30 days before and 30 days after hysterectomy or in the Kaiser Permanente Northern California Cancer Registry before through 3 months of the hysterectomy were excluded.
Secondary study outcomes assessed included clinical and surgical characteristics and complications. Surgical characteristics and complications are not consistently available for hysterectomies done outside of Kaiser-owned facilities and are not included in the retrospective cohort analysis. Clinical characteristics included age (18-39, 40-49, 50-59, 60 years or older), race-ethnicity (white, Hispanic, African American, Asian, other), and income (defined as low if address of residence was in a census block with 20% or greater households with income below the federal poverty level), parity, and BMI (24.9 or less, 25-29.9, 30-39.9, 40 or greater). Primary indication for surgery was classified as leiomyoma, abnormal bleeding, prolapse or incontinence, endometriosis, ovarian neoplasm, or other based on ICD-9-CM and International Classification of Diseases, 10th Revision, Clinical Modification codes recorded as the principal discharge diagnosis. Hysterectomies for dysplasia or endometrial hyperplasia were classified as precancerous conditions. Abdominal and laparoscopic cases (excluding laparoscopic-assisted vaginal hysterectomy) were classified as supracervical hysterectomy (yes or no). Additional procedures performed at the time of CI, confidence interval. * Trend in annual incidence; linear models were fitted using generalized estimating equations. Cochran-Armitage testing was used to assess for linear trend in the proportion of hysterectomies by surgical route over time. † Women with at least 1-month membership in the specified year. ‡ Excludes hysterectomies for cancer (endometrial54,837, ovarian or tubal51,517, cervical5640, other gynecologic54,532, and nongynecologic peritoneal cavity51,287), pregnancy-related5479, and route not known515. § Rate per 1,000 women (excluded women with hysterectomy in previous years). k Supracervical abdominal hysterectomy proportion was the portion of abdominal hysterectomies. Supracervical laparoscopic hysterectomy proportion was the proportion of laparoscopic hysterectomies and included robotic hysterectomies and excluded laparoscopically assisted vaginal hysterectomies.
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hysterectomy (yes or no) including oophorectomy (either unilateral or bilateral), salpingectomy, and procedures for prolapse and incontinence were identified.
We also created a variable "any procedure" coded as yes if any of these additional procedures were performed. Medical comorbidities were assessed using Unauthorized reproduction of this article is prohibited.
the Charlson Comorbidity Index; a score of greater than 1 was considered increased risk. 10 Characteristics of the hysterectomies including operative time (time from start of incision to incision closure) and postoperative length of hospital stay (time left the operating room to time of discharge from the hospital) were obtained. Uterine weights as a proxy for uterine size (500 or less, 501-1,000, and greater than 1,000 g with or without adnexa included in the specimen) and use of power morcellation (yes or no) were obtained from the dictated pathology reports and the operative notes (respectively) using natural language processing with I2E. Complications associated with the hysterectomy were identified using ICD-9-CM, International Classification of Diseases, 10th Revision, Clinical Modification, and CPT codes documented within 7 days of surgery and classified as: operative (bladder, ureteral, intestinal, vascular); medical (venous thromboembolism, cardiovascular, pulmonary, renal); and perioperative (hemorrhage, gastrointestinal obstruction, fistula, blood transfusion, wound). The primary surgeon's route-specific hysterectomy volume per surgical year was determined and grouped into three categories (low 1-10; medium 11-20; high greater than 20). 8, 9 We calculated the annual incidence of hysterectomies from 2008 to 2015 using total number of hysterectomies as the numerator and number of women aged 18 years or older with one or more health plan membership months of the study year as the denominator. Unadjusted trend tests in annual incidence of benign hysterectomy were implemented by fitting a linear model using generalized estimating equations. 11 The test for trend in the incidence of benign hysterectomies over time was implemented by a standard z-test for the null hypothesis that the slope of the linear model was equal to zero using the robust estimate of the standard error using Stata 13. All other analyses were performed using SAS 9.3. The proportion of hysterectomies done by surgical route and power morcellation was calculated for each study year. Cochran-Armitage testing was used to assess for linear trend in the proportion of hysterectomies by surgical route over time.
We conducted bivariate analyses of clinical characteristics across all surgical routes using x 2 or for categorical variables and Kruskal-Wallis for continuous variables. P values for all overall comparisons were significant at the P,.001 level because of the large sample size and are not shown. Post hoc analyses of surgical characteristics (continuous variables) with comparisons between abdominal and minimally invasive hysterectomy were tested using WilcoxonMann-Whitney. Multiple comparisons of surgical characteristics between laparoscopic hysterectomy with power morcellation and without power morcellation were tested using one-way analysis of variance with the rank-transformed method. Multivariate analyses were conducted using logistic regression to assess clinical characteristics associated with surgical route. The dependent variable was surgical route and was assessed in two separate models comparing: 1) abdominal compared with minimally invasive routes (laparoscopic and vaginal); and 2) laparoscopic with power morcellation compared with laparoscopic without power morcellation. Independent variables controlled for in the models were demographics, parity, BMI, Charlson Index, surgical indication, uterine weight, supracervical hysterectomy, additional procedures performed, surgeon hysterectomy volume, and year of surgery. Multivariate analyses were also conducted using logistic regression to assess the association between surgical route and complications. The dependent variable was occurrence of complications and was assessed in three separate models 1) operative complications; 2) medical complications; and 3) perioperative complications. Surgical route was considered an independent variable. Other independent variables controlled for in the models included age, race, income, BMI, Charlson Index, indication, uterine weight, any procedures (yes or no), and surgeon volume. [12] [13] [14] Given the large sample size and multiple comparisons, we considered an adjusted relative risk (RR) of greater than 3 or less than 0.33 to be clinically meaningful. 15 
RESULTS
A total of 39,911 hysterectomies were performed from 2008 to 2015; 31,971 (80%) were for benign gynecologic conditions. There were 7,447 hysterectomies associated with cancers (4,837 endometrial, 1,517 ovarian or tubal, 640 cervical, 4,532 other gynecologic, and 1,287 nongynecologic peritoneal cavity) and 493 pregnancy related or route unknown. Although the benign hysterectomy rate fluctuated over the 8-year period, there was an overall decrease from 2.86 (95% confidence interval [CI] 2.85-2.87) in 2008 to 2.60 (95% CI 2.59-2.61) per 1,000 women (P,.001) ( Table 1 ). There were large changes in the distribution of hysterectomies for benign conditions by surgical route and morcellation over this time period (Fig. 1) . From 2008 to 2015, minimally invasive hysterectomies increased from 39.8% to 93.1%, almost replacing abdominal hysterectomies entirely (P,.001) (Fig. 1) Unauthorized reproduction of this article is prohibited. Unauthorized reproduction of this article is prohibited. Permanente facilities and are included in the bivariate and multivariate analyses (Tables 2-4). The uterine weight was less than 500 g for the majority of hysterectomies (79%). The majority of women with large uteri of greater than 1,000 g (69%) received abdominal hysterectomies ( Table 2 ). As one would expect, the majority of women with prolapse or incontinence received vaginal hysterectomies (77%). Although operative time was shorter for abdominal hysterectomies (2.0 hours, interquartile range 1.5-2.7) compared with minimally invasive hysterectomies (2.4 hours, interquartile range 1.8-3.1, P,.001), mean postoperative stay and estimated blood loss were greater for abdominal hysterectomies (48.5 hours, interquartile range 42.2-70.1 and 200 mL, interquartile range 100-400, respectively) compared with minimally invasive hysterectomies (9.2 hours, interquartile range 3.6-24.5 and 100 mL, interquartile range 50-200, respectively, P,.001).
The associations among age, race, parity, and BMI were statistically significant in the multivariable analysis of characteristics associated with receiving abdominal compared with minimally invasive hysterectomy; however, there were clinically meaningful associations with uterine weight and indication for surgery (Table 3) . Women with uterine weight of greater than 501-1,000 g (adjusted RR 3.73, 95% CI 3.34-4.15) and greater than 1,000 g (adjusted RR 11.62, 95% CI 9.89-13.66) and indication of ovarian neoplasm (adjusted RR 7.82, 95% CI 6.64-9.21) were significantly more likely to receive an abdominal hysterectomy. Consistent with declining abdominal hysterectomy numbers, abdominal hysterectomies were less likely to be associated with surgeons with high hysterectomy volume (greater than 20 cases per year) (adjusted RR 0.24, 95% CI 0.22-0.28).
Among women undergoing laparoscopic hysterectomy (nonrobotic and robotic), supracervical hysterectomy was the factor with the strongest association with receiving power morcellation (adjusted RR 43.89, 95% CI 37.55-51.31). Women undergoing laparoscopy with uterine weight of 501-1,000 g and greater than 1,000 g were also more likely to receive power morcellation (adjusted RR, 3.90, 95% CI 3.21-4.74 and adjusted RR, 5.74, 95% CI 4.12-8.00, respectively). As one might expect, women with a precancer diagnosis were less likely to receive power morcellation (adjusted RR 0.27, 95% CI 0.15-0.48).
Overall complication rates were low; however, the highest rates of complications were seen in abdominal hysterectomies (Table 4) . After controlling for age, race, BMI, Charlson Index, surgical indication, uterine weight, any procedures, and surgeon volume, women with abdominal hysterectomies were statistically significantly more likely to have operative and medical complications than women receiving minimally invasive hysterectomies (adjusted RR 1.27, 95% CI 1.08-1.50, P,.01 and 2.41, 95% CI 2.00-2.92, respectively, P,.001) and there was a clinically meaningful difference in perioperative complications (3.18, 95% CI 2.72-3.72, P,.001) ( Table 4) . There were no differences in adjusted risk of complications for laparoscopic hysterectomies with power morcellation compared with without.
DISCUSSION
The use of minimally invasive hysterectomy for benign conditions in this large integrated health care system increased from 39.8% in 2008 to 93.1% in 2015. Previous reports of hysterectomy trends have not revealed such high rates. Desai et al 16 reported 17 Although some aspects of the strategy to increase minimally invasive hysterectomy at Kaiser Permanente such as surgeon training and proctoring could be implemented across different practice settings, it is not clear whether such high minimally invasive hysterectomy rates can be achieved in other practice settings.
In contrast to other reports in the literature demonstrating a decrease in minimally invasive hysterectomy after the FDA safety communications, our high rate of minimally invasive hysterectomy persisted after the cessation in use of power morcellation in 2014. 6, 7 From 2008 to 2015, the number of laparoscopic hysterectomies without power morcellation exceeded the number with power morcellation, suggesting that the increase in minimally invasive hysterectomy was only weakly associated with morcellation technique. This study demonstrates the minimally invasive hysterectomy rate is primarily associated with uterine size. Large uterine size (greater than 1,000 g) was the factor with the strongest association with receipt of abdominal hysterectomy compared with minimally invasive hysterectomy. In addition, large uterine size was also associated with receipt of power morcellation during laparoscopic hysterectomy, although the association was not as strong. The only other factor that was strongly associated with power morcellation was supracervical hysterectomy. Laparoscopic supracervical hysterectomy numbers were already decreasing before the FDA safety communications, possibly as a result of growing comfort with laparoscopic surgical techniques. After the cessation of use of power morcellation in 2014, the number of laparoscopic supracervical hysterectomies continued to decrease. This suggests that maintenance of the high minimally invasive hysterectomy rate was probably the result of a combination of factors including less reliance on laparoscopic supracervical hysterectomies and adoption of alternate surgical techniques for removal of large uteri without power morcellation but via manual morcellation.
The high minimally invasive hysterectomy rate at Kaiser Permanente was achieved with limited use of robotic technology. National data demonstrate rapid uptake of robotic-assisted surgery despite questions about the cost-effectiveness of the technology, with robotic-assisted hysterectomy accounting for 12.6% of laparoscopic hysterectomies in 2012 compared with 8.2% in 2010 in the National Inpatient Sample. 16, 18 The difference in robotic hysterectomy uptake seen in our sample is most likely the result of several factors including limited availability of the robotic platform (only four robots across the region) and the minimally invasive hysterectomy initiative at Kaiser Permanente that limited use of the robotic platform.
There was a slight decrease in the proportion of vaginal hysterectomies from 2008 to 2015. The quality improvement initiative at Kaiser Permanente Northern California had a primary focus on laparoscopic techniques. It is possible that a higher proportion of vaginal hysterectomies could be obtained with increased focus on training and patient selection. Evidence from a decade ago demonstrates that vaginal hysterectomy is associated with better outcomes and fewer complications than laparoscopic or abdominal hysterectomy. 3, 19 We demonstrated increased morbidity for abdominal hysterectomies; however, comparative analysis of laparoscopic and vaginal hysterectomies is beyond the scope of this study. Future studies comparing surgical characteristics (eg, operative time and postoperative stay), complications, and costs of vaginal and laparoscopic hysterectomies are needed given the increase in experience with laparoscopic surgery in the last decade. This study's strengths include a large sample size and use of comprehensive electronic health records. We document trends and associations; however, we cannot infer causation for changes in practice over time. Interpretation of hysterectomy incidence may be limited because we did not account for potential loss of insurance in the denominator. Our study is also limited in that we did not examine nonpower morcellation or prior surgeries because this information is not reliably documented. Data may not be generalizable to other practice settings; however, this study demonstrates that minimally invasive hysterectomy rates can remain high without power morcellation.
